Abundance observations indicate the presence of often surprisingly large amounts of neutron capture (i.e., s-and r-process) elements in old Galactic halo and globular cluster stars. These observations provide insight into the nature of the earliest generations of stars in the Galaxy -the progenitors of the halo stars -responsible for neutron-capture synthesis. Comparisons of abundance trends can be used to understand the chemical evolution of the Galaxy and the nature of heavy element nucleosynthesis. In addition age determinations, based upon long-lived radioactive nuclei abundances, can now be obtained. These stellar abundance determinations depend critically upon atomic data. Improved laboratory transition probabilities have been recently obtained for a number of elements. These new gf values have been used to greatly refine the abundances of neutron-capture elemental abundances in the solar photosphere and in very metal-poor Galactic halo stars. The newly determined stellar abundances are surprisingly consistent with a (relative) Solar System r-process pattern, and are also consistent with abundance predictions expected from such neutron-capture nucleosynthesis.
Stellar Abundances and New Atomic Data
Abundance studies of heavy elements and isotopes in Galactic halo stars are providing important clues and insights into the nature of, and sites for, nucleosynthesis early in the history of the Galaxy Cowan & Thielemann 2004; . Observations of heavy neutron-capture elements (i.e., those produced in the slow (s) or rapid (r)-process) in both old (low iron, or metallicity) stars and younger (more metal-rich) stars are also providing clear indications of the nature of the Galactic chemical evolution. In addition the detection of the long-lived radioactive n-capture elements, such as thorium and uranium, are allowing direct age determinations for the oldest stars in the Galaxy -thus, providing lower limits on both the age of the Galaxy and the Universe.
All of these abundance determinations and studies depend critically upon atomic data, particularly transition probabilities. During the past few years there have been dramatic improvements in the experimental determinations of these transition probabilities for a number of rare earth elements: these include improved laboratory values for the elements Ce (Palmeri et al. 2000) , Nd (Den Hartog et al. 2003) , Ho ), Pt (Den Hartog et al. 2005 , and Sm (Lawler et al. 2006) . New values for the element Gd have also recently been obtained (Den Hartog et al. 2006 ), but Gd abundances in the current paper do not reflect these new data. These improved data sets have been employed to determine elemental abundances in three metal-poor Galactic halo stars. In addition new (refined) solar photospheric abundances have been obtained for Nd, Ho and Sm -this was not possible, however, for Pt. We show in Figure 1 the abundances from Ba-Er (normalized at the r-process element Eu) in CS 22892-052 , BD +17
• 3248 (Cowan et al. 2002) , HD 115444 (Westin et al. 2000) and the Sun (Lodders 2003) . We focus in the left panel on abundance determinations for Nd, Sm and Ho in these four stars based upon published atomic data. The abundances for those same three elements, employing the newer laboratory atomic data, is shown in the right panel of this figure. It is clear, that as a result of employing the new atomic data, the star-to-star scatter among the three metal-poor Galactic halo stars is markedly reduced, and there is good agreement between the elemental values in these stars and the solar system r-process value (indicated by the horizontal line).
Discussion
Employing the new atomic data, we have updated several of the abundance values from Sneden et al. (2003) for CS 22892-052. We show those values in Figure 2 (top panel) compared to an s-only (dashed line) and an r-only (solid line) solar system elemental abundance curve. These solar system elemental abundance curves from Simmerer et al. (2004) sums of individual isotopic contributions from the s and r-process and are tabulated in table 1. Using the so called "classical model" approximation in conjunction with measured neutron capture cross-sections, the individual s-process contributions are first determined. Subtracting these s-process isotopic contributions from the total solar abundances predicts the residual r-process contributions. These individual s-and r-process isotopic solar system abundances (based upon the Si = 10 6 scale) that are listed in table 1, are derived from the work of Käppeler et al. 1989 , Wisshak et al. 1998 and O'Brien et al. 2003 , and can be used for future isotopic studies.
It is clear in both the top and bottom panels of Figure 2 that the abundances of the stable elements Ba and above are consistent with the scaled solar system elemental r-process distribution. This agreement has been seen in other r-process-rich stars and strongly suggests that the r-process is robust over the history of the Galaxy. It further demonstrates that early in the history of the Galaxy, all of the n-capture elements were synthesized in the r-process, and not the s-process. Additional comparisons in the figure, however, suggest the lighter elements do not fall on this same curve that fits the heavier n-capture elements. The upper limit on Ge, for example, falls far below the scaled solar system r-process curve. Recent analyses of this element indicates its abundance is tied to the iron level in metal-poor halo stars , and thus suggests Ge synthesis in some type of charged-particle reactions, or other primary process, in massive stars and supernovae in the early Galaxy (see discussion in . We also note that the abundances of the ncapture elements from Z = 40-50 in CS 22892-052, in general, fall below the solar r-process curve. This has been interpreted as suggesting perhaps a second r-process synthesis site in nature (see discussion in Kratz et al. 2006 and In spite of the good overall match between the scaled-solar r-process abundances and those of very metal-poor stars, some small deviations are becoming apparent, as shown in Figures 1 and 2 . The increasingly accurate stellar abundance determinations, resulting in large part from the more accurate laboratory atomic data, are helping to constrain, and ultimately could predict, the actual values of the solar system r-process abundances. Thus, the current differences might suggest that some of those solar system r-process elemental predictions need to be reassessed. Recall that the elemental r-process curve is based upon the isotopic r-process residuals, resulting from the subtraction of the s-process isotopic contributions from the total solar system abundances. Thus, a reanalysis of some of the s-process contributions, and new neutron-capture cross sections measurements, might be in order.
Conclusions
Abundance observations of metal-poor (very old) Galactic halo stars indicate the presence of n-capture elements. New laboratory atomic data is dramatically reducing the stellar abundance uncertainties in these stars and increasingly improving the Solar System abundances. Recently determined abundances, based upon the new laboratory data, indicate that the elemental patterns in the old halo stars are consistent with each other and with a scaled solar system r-process abundance distribution -demonstrating that all of these elements (even s-process ones like Ba) were synthesized in the r-process early in the history of the Galaxy. These more accurate abundance determinations, based upon more precise laboratory atomic data, might be employed to constrain predictions for the solar system r-process abundances. In the future additional (and improved) lab data will have implications for a number of synthesis studies, including providing evidence regarding the possibility of two astrophysical r-process sites. Such new experimental data will also help in understanding the Galactic chemical evolution of the elements, and could have an impact on chronometric age estimates of the Galaxy and the Universe. New stellar and atomic data in both the UV and IR wavelength regimes may also allow the detection of never before seen elements in these stars, and will aid in new determinations of isotopic abundance mixtures for elements such as Sm.
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